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ABSTRACT

In an extensive earlier paper (Caneron, 1988a) we developed a fully
utility-theoretic nodel for the demand for recreational fishing access days,
applied to a sanple of 3366 Texas Qulf coast anglers. The nmodel enploys
"contingent valuation" and "travel cost" data, jointly, in the process of
calibrating a single utility function defined over fishing days versus al
ot her goods and services. The theoretical specification (quadratic direct
utility) and the econonetric inplenentation will not be reproduced here.
Instead, we focus specifically on the inplications of an extension to this
model . W enploy a subset of 506 observations from the same survey for which
respondents were asked to indicate their ex post subjective assessnent of the
environmental quality at the fishing site. W allow the parameters of the
underlying utility function to vary systematically with the perceived |evel of
environmental quality to assess the inpact of environmental factors on the
demand for access days. Treating the 10-point response scale for
environmental quality (E) as a continuous variable, we find (among ot her
results) that for the average angler inproving E fromone standard deviation
bel ow the nean to one standard deviation above increases the value of the
fishery (measured by equival ent variation) by about $1400 (about 50%

* This research was supported in part by EPA cooperative agreenment
#CR- 814656- 01- 0.



Using the Basic "Auto-validation" Mdel
to Assess the Effect of Environnental Quality
on Texas Recreational Fishing Demand

1. Introduction

In Caneron (1988a), we derived and estinmated the paraneters of a
quadratic utility function for a trinmed sanple of Texas Qulf Coast
recreational fishernen. The utility function, in its sinplest form is
defined over fishing access days and all other goods and services (incone).
The novelty of that paper is primarily its utilization of a fully utility-
theoretic framework for anal yzing both "contingent valuation” (CV) data
(respondents anticipated behavi or under hypothetical scenarios) and "trave
cost" data (respondents' actual behavior in the consunption of access days).
The latter formof data gives us a feel for the consequences of small |oca
variations in access prices; the former provides additional information,
however hypothetical, regarding nore drastic changes in the consunption
envi ronnent.

The earlier paper devel ops the basic specification and goes on to
consi der several extensions to that basic nodel: discounting the influence of
the CV data in the estimation process; estimation wthout travel cost data
(only income and consunption); and the acconmodation of heterogeneous
preferences. In the last category, we denonstrated that it is straightforward
to adapt these nmodels to allow for systematic variation in the preference
function according to geographical or sociodenographic factors.

In this paper, we will again enploy heterogeneous utility functions, but
we Wll only be able to exploit a subset of the data. W w sh to concentrate
upon the potential effects of respondents' perceptions about environmenta

quality on their demand (val uation) of access to the recreational fishery.



Readers are referred to Cameron (1988a) for a vital preface to this

research. W avoid extensive duplication in this paper by presumng readers

are famliar with the findings of the earlier paper

2. Qutline of the Specification

As before, we will adopt the quadratic famly of utility functions, for
the sane variety of reasons explained in the earlier paper. W wll let U
denote direct utility, Y wll be incone, and F will be current fishing day
expenditures ("travel costs", roughly). Also, g will be the number of fishing
days consunmed and z (= Y - Fg) will denote consunption of other goods and
services. W will let E denote subjective environmental quality. The

quadratic direct utility function will thus take the form
(1) U=p2z+§8,q+ 8, 22/2 + B, 2q4 + B, ¢°/2,

where the B, are no | onger constants, but will be allowed to vary linearly

with the level of E Bj* = By + 7, E, j-1,...,5.

3. Data

The data used for this nodel consist of a 506 observation subset of the
3366 observations used in the earlier paper. The data cone from an in-person
survey conducted by the Texas Departnent of Parks and Wldlife between May and
Novenber of 1987. The primary purpose of the survey is to count nunbers and
species of fish making up the recreational catch, but during this particular
period, additional econom c valuation questions were posed to respondents.

In particular, the contingent valuation question took the form "If the
total cost of all your saltwater fishing last year was __ nore, would you
have quit fishing conpletely?" At the start of each day, interviewers

randomy chose a starting value fromthe list $50, $100, $200, $400, $600,



$800, $1000, $1500, $5000, and $20,000. In addition, respondents were queried
regarding actual nmarket expenditures during the current trip: "How nuch wll
you spend on this fishing trip fromwhen you [eft home until you get home?"
This is as close as we can get to a nmeasure of "travel cost."

The sanme basic criteria for deleting particular observations are applied
in this paper as are described in Caneron (1988a). The same caveats regarding
the sanple also apply in this case. The sanple enployed in this study is
smal l er only because the ex post subjective environmental quality questions
were asked of only approximately one-eighth of the full sanple. This question
was just one of eight rotating questions on special issues.

The precise wording of the environnental quality question was "To what
extent were you able to enjoy unpolluted natural surroundings [during this
fishing trip]?" Responses were given on a Likert-type scale of 1 to 10, wth
10 being highest. The means and standard deviations for both the full sanple
of 3366 and the subset of 506 responses are given in Table 1. As can be seen

the subset is fairly representative of the larger sanple.

4. Wility Paraneter Estimates

To assess whether or not the preference function differs systematically
with the level of environmental quality, we estimate two nodels. First, we
re-estimate the "basic" joint nodel fromthe earlier paper using just the
subset of 506 observations. This specification constrains the g coefficients
to be identical across all levels of environmental quality. Then we
generalize the nodel by allow ng each g to be a linear function of E, which
involves the introduction of five new a parameters. Since the "basic"
specification is a special case of the nodel incorporating heterogeneity, a
likelihood ratio test is the appropriate neasure of whether E "matters.”

Results for the two nodels are presented in Table 2. The LR test statistic is



Table 1

Descriptive Statistics for Full Sanple and "Environmental " Subset

Vari abl e Description Full Sanple Subset
(n = 3366) (n = 506)

Y nedian househol d income for respondent's 3.1725 3.1681
5-digit zip code (in $10,000) (1980 Census (0.9995) (1.0134)
scaled to reflect 1987 incone; factor = 1.699)

F current trip market expenditures, assuned 0. 002915 0. 003255
to be average for all trips (in $10,000) (0.002573) (0.002767)

T annual lunp sum"tax" proposed in CV 0. 05602 0. 05661
scenario (in $10,000) (0. 04579) (0.04770)

q reported total nunber of salt water fishing 17.40 15.78
trips to sites in Texas over the |ast year (16.12) (15.32)

| i ndicator variable indicating that respondent 0.8066 0. 7905
woul d choose to keep fishing, despite tax T  (0.3950) (0.4073)

E Likert-scale subjective ex post assessnment - 8.073

of current environmental quality at site (2.177)




Par anet er

Table 2

Estimates for
and "Envi ronnental "

"Basi c"

Par anmet er Basi ¢ Mvdel Envi ronment a
Mbdel
81 (2) 1.381 1.218
(1.080) (0. 6385)
B2 (0 0.1109 0. 04825
(6. 635) (1.051)
By (22/2) 0.6173 1.081
(1.526) (1. 106)
By (20) 0. 008387 0. 006219
(1. 990) (0.4773)
Bs (32/2) -0. 008041 -0. 003755
(-8.611) (-1.383)
71 (zZE) - 0.07805
(0.4148)
72 (qE) - 0. 007991
(1.389)
73 (22E/2) . -0. 07346
(-0.6631)
74 (zQE) - 0. 0003104
(0.1882)
vs (q°E/2) . -0. 0005533
(-1.664)
»3 15. 13 15.15
(31.79) (31.76)
P 0.2929 0.2975
(4.631) (4.637)
Log L -2339. 80 -2334. 69

2 See Caneron (1988a) for discussion of additiona

paraneters.



10.22. The 5% critical value for a x?(5) distribution is 11.07 and the 10%
critical value is 9.24. Thus, the inprovenent in the log-Iikelihood just

m sses being statistically significant at the 5% level for this small sanple.
Neverthel ess, this difference seems |arge enough to warrant pursuing the
inplications of the fitted nmodel. In any case, we can be confident that the

statistical significance would inprove with |arger sanples.

5 Inmplications of Fitted Parameter Estimates

In the earlier paper, several properties of the estinmated nodels were
recommended for attention. Here, the properties of the fitted utility
function vary across levels of environnental quality, E. Consequently, we
wi |l evaluate the function at the subsanple nean of E (8.0731) as well as at
t he maxi mum value of E (10) and at a | ower benchmark value (6), which
represents approximately one standard deviation below the nean. It is
entirely possible to conpute values for several interesting quantities for
each individual in the sanple. Here, however, we will focus on the "nean"
consuner. Note that we have elected to use the nean values for incone and
fishing day expenses conputed for the entire sample of 3366, on the
presunption that the neans in this sanple are nmore typical of the mean for the
popul ation as a whole. (This is arbitrary; the results will be simlar for
the "mean" consune in the snaller subset.)

Tabl e 3 sunmarizes several properties of the fitted utility function for
the three benchmark levels of environnental quality. As expected, decreases
in environnental quality substantially affect the value respondents place on
access to this fishery. Value in this case is neasured several ways.
Conpensating variation is the amount of additional income a respondent woul d
require, if denied access to the resource, to nmake their utility level the

same as that which could be achieved with the optimal |evel of access.



Properties of

Table 3

the Fitted Uility Function

Property E=10 E = 8.0731 E=6

Uility Function

Paramet ers:
B1* 1.998 1.848 1. 686
Bo* 0.1282 0.1128 0. 09619
By* 0. 3467 0.4883 0. 6406
BL* 0. 009324 0. 008726 0. 008082
Bg* -0. 009288 -0. 008222 -0. 007075

Function Saddl e

Poi nt
z* -5.973 -3.954 -2.764
q* 7.802 9.518 10. 44

Demand Elasticity wt
price -0. 06034 -0. 07351 -0. 09211
i ncome 0. 1623 0.1610 0. 1593

Conpensating Variation

for Conplete Loss of $3742 $2970 $2283

Access

Equi val ent Variation

for Conplete Loss of $3741 $2997 $2314

Access

EV for Access Restricted

to a of Current Fitted Level

for a =
0.1 $3018 $2418 $1867
0.2 2376 1903 1470
0.3 1814 1453 1122
0.4 1329 1064 823
0.5 921 737 570
0.6 588 471 364
0.7 330 265 205
0.8 147 117 91
0.9 37 29 23




Equi val ent variation is the loss of inconme which would |eave the respondent
just as much worse off as would a denial of access. W also conpute the
equi val ent variation for inconplete reductions in the level of access.

A visual depiction of the effect of environmental quality on the
preferences of anglers (defined over fishing days and all other goods) is
provided in Figure 1 for E = 10 (which can be considered "good" environnmenta
quality) and for E = 6 ("relatively poor" environnental quality). As
anticipated, indifference curves for E = 10 have considerably greater
curvature, inplying that anglers are less willing to trade off fishing days
for other goods when the environmental quality is high. In contrast, wth
poorer environmental quality, the curvature is considerably less, inplying
that under these circunmstances, anglers consider other goods to be relatively
better substitutes for fishing days. For exanple, when E = 6, the same change
inthe relative price of a fishing day will lead to a larger decrease in the
opti mal nunmber of days consuned than when E = 10

In addition to the properties of the utility function and its
correspondi ng Marshallian demand functions, we mght be interested in
cal culating the derivatives of these Marshallian demand functions wth respect
to the level of the E variable. The Marshallian demand function for the node

with heterogeneity is:

(2)  a@ = [ (BAmE) + (B+1,E)Y - (B+1,E)F - (B+1,E)FY ] /
[ 28 +1,E)F - (B,+7,E) F* - (Bt E) ]

Table 4 gives the utility maximzing nunber of fishing days demanded at the
sanpl e mean values of F and Y, as a function of the subjective |evel of
environmental quality, E Locally, there are only very slight differences in

these fitted demands as a consequence of environnmental changes.
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Figure 1. Fitted indifference curves for consumer wth
mean characteristics end E = 10; sane for E = 6



Opt i mal

Table 4

Demand, Derivatives and Elasticities

wt Environmental Quality
(evaluated at nean Y and F, n = 3366)
E q* 3q/3E (8q/8E)(E/q*) EV for conplete
| oss of access
1 14.72 0. 2876 0. 01953 $1046
2 14. 97 0. 2260 0. 03018 1264
3 15.18 0. 1822 0. 03601 1499
4 15. 34 0. 1501 0. 03912 1751
5 15. 48 0. 1257 0. 04060 2022
6 15. 60 0. 1068 0. 04110 2314
7 15.70 0.09193 0. 04100 2630
8 15.78 0.07993 0. 04052 2971
9 15. 86 0.07014 0. 03981 3340
10 15.92 0.06204 0. 03896 3741




W may be especially interested in the derivative of this fitted demand
function with respect to E It will depend not only on F and Y, but also on

the level of E itself:

(3) 89/8E = {[2(B+7,E)F - (B+1,E) F* - (BH1E)) [v, + 1Y - 7,F - 7,FY]
- [(B47,E) + (B+1,E)Y - (B+V,E)F - (B,+v,E)FY]

[2 v,F - ,F2 - .} / [ 2B+, E)F - (B,+7,E) F* - (B+1E) ]°

This fornmula is untidy, but can be readily conputed. Table 4 gives the val ues
of this derivative as well as the corresponding elasticity, (dq/3E)(E/q), for
the full range of integer values of E which are possible in the data.

A visual display of the effects of changes in E upon the configuration
of the fitted inverse demand curve for an individual with mean Y and F is
presented in Figure 2. (bserve that, although the demand function can be
highly non-linear in F, the fitted values of the paraneters (for these data
and in conbination with the sanple mean angler characteristics) yield demand
functions which are alnost linear. Each fitted demand curve passes through
the value of F and the corresponding particular fitted value of g* (for each
E) for this representative consumer. Notice that variations in E, in the
fitted model, have rather dramatic effects upon the inplied choke price for
access to the resource: the better the environmental quality, the higher the
choke price.

The variation in the configuration of preferences, and the obvious
shifts in the demand curves as a function of E inply that the social value of
access to the fishery will depend upon the subjective |evel of environmenta
quality at fishing sites. To illustrate this sensitivity, we have conputed
the equivalent variation for a conplete loss of access to the resource, as a

function of E, for a representative consuner with sanple nmean |levels of Y and
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Figure 2. Effects of increasing subjective environmental
quality on inverse demand curve for an angler with
sanpl e mean characteristics.



F. These equivalent variations are also given in Table 4. Bear in mnd that
the range of E from6 to 10 accounts for approxinmately one standard deviation
on either side of the mean value reported in the sanple. The EV estinates in
Tabl e 4 suggest that for a typical angler, inproving environmental quality
fromthe "6" level to the "10" level would add approxi mately $1400 to the
annual value of access to the fishery (an increase of over 50%.

Thi s value nust be considered in relation to the actual distribution of
E values in the sanple. Tables 5 and 6 give the details of these responses.
Al nost 40% of the sanple is conpletely satisfied with current environnenta
quality. This suggests an alternative "simlation" based on the fitted nodel.
Instead of sinply considering the mean angler, it is also possible to sinulate
changes in E for each individual angler in the sanmple. Under current
conditions, the equivalent variation for a conplete |oss of access varies over
the sanple from $648 to $4235, with a nmean of $3037 and a standard deviation
of $778. If we take every respondent who reported a subjective environmenta
quality level of less than 10 and increase their value of E by one unit, the
distribution of these fitted equivalent variation values can be expected to
change. In fact, the new fitted values vary from $839 to $4238, with a nean
of $3253 and a standard deviation of $715. Thus the increase in the mean of
the equivalent variations, when we inprove by one unit the experiences of
those who were |less than conpletely satisfied experience currently, is
approximately $216. If we could scale this up to the entire population, this
represents an increase in the social value of the fishery of approxinately

6. 6%

6. Subjective Environmental Qualities as a Function of Physical Measures

The subjective environnental quality question on the Texas Parks and

WIldlife Survey elicits information about overall environmental quality. W



Table 5

Descriptive Statistics for E Variable

MOVENTS
N 506
VEAN 8. 07312 SUM 4085
STD DEV 2.17742 VARI ANCE 4.74118
SKEWNESS -1.216 KURTOSIS  0.897612
QUANTI LES  ( DEF=4)
100% MAX 10 99% 10
75% (B 10 95% 10
50% NED 9 90% 10
25% QL 7 10% 5
0% M N 1 5% 4
1% 1
RANGE 9
VEDE :
10




Table 6

Frequency Distribution of E Val ues

oo IO wMN -

FREQ CUM PERCENT CUM

FREQ
I+ 7 7
]+ 7 14
] *+ 10 24
* % 11 35
J********* 46 81
Jresen 25 106
]******** 41 147
khkkhkkhkhkhkhkhkhkhkhkhkhkhkhkrkkx*x 93 240
kkkkkkkkkkkkkkxk%x 81 321

]************************************* 185
e S
20 40 60 80 100 120 140 160 180

FREQUENCY

506

PERCENT

1.38
2.77
4.74
6.92
16. 01
20. 95
29. 05
47. 43
63. 44
100. 00




do not presently have access to typical or specific air quality measurements
for different areas along the Texas @ulf Coast, but in the course of related
research (Cameron, 1988b), we have attenpted to determne how a variety of
water quality measures are related to respondents' subjective assessments of
environnental quality.

Froma variety of auxiliary sources reported in Cameron (1988b),
including the Texas Department of Water Resources, and the Resource Monitoring
division of Texas Parks and Wldlife, we have obtained data on the
characteristics of tens of thousands of water sanples over the few years up to
and including the time period of the valuation survey. Mst of the water
qual ity "parameters" have been averaged by nonth and by each of the eight
maj or bay systenms along the Texas @ulf Coast. A few are available only by bay
system (See the original document for details.)

Table 7 reproduces the results for E regressed on a variety of water
qual ity parameters in an ad hoc specification. Not surprisingly, the
rel ationship between the subjective environmental quality measure and
"typical" water quality is quite weak. For this reason, we do not devote
space in this paper to a discussion of the explanatory variables. The reader
is referred to Cameron (1988b) for this information. Certainly, many nore
physical factors will affect perceptions than sinply the few for which we have
measurenments. Attributes of the respondent can also be expected to have some
I npact upon the subjective assessments of environmental quality. O her
regressions reported in the appendices of Caneron (1988b) exam ne the
i nfluence of socioecononic variables on these responses. They also establish

the presence of some seasonal and geographical variation.



Table 7

QLS Regression of "Ability to Enjoy Unpolluted
Nat ural Surroundings: on Measured Water Quality Variables

F- TEST 4.247

OGBS 695

PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERROR PARAMETER = O
| NTERCEP 8.334 1. 860 4.481
MIURB 0. 001600 0. 01016 0.158
IVSAL 0. 01851 0. 01795 1.031
MDO -0. 2415 0. 1387 -1.742
TRANSP 0. 02034 0. 01311 1.551
DI SO 0. 2204 0.1077 2. 047
RESU 0. 005304 0. 006889 0.770
NH4 6. 053 3. 659 1. 654
NI TR -2. 236 1.155 -1. 936
PHOS 2.357 1.700 1. 386
CHLORA -0. 002728 0. 02576 -0. 106
LOSSI GN -0. 009637 0. 02440 -0.395
A LGRS -0. 003734 0. 001145 -3. 261
CHROMB 0. 02663 0. 02361 1.128
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8. Conclusions

Cearly, there is good evidence that angler's value of the fishing
experience is affected by their subjective assessnent of environmenta
quality. For this small sanple fromthe Texas survey, allow ng for
het er ogeneous preferences which vary with environmental quality nakes a
statistically significant inprovement in the econonetric nodel at al nost the
5% level. Despite the fact that we have lunped all other goods in the
consunption bundle into a single conposite, the fundamental regularity
conditions for a utility-theoretic nodel are satisfied. O course, all of the
caveats mentioned in Caneron (1988a) and Cameron (1988b) also apply to this
analysis, so the results must be interpreted with sone caution

Unanbi guously, if anglers' perceptions of environmental quality can be
i nproved, our nodel indicates that the social value of the resource will be
increased (and vice versa, of course). Wat is clear, however, is that a
better link must be forged between perceptions and actual physical quantities
of pollutants (both air and water). W need to know just what it takes to
rai se someone's response froman 8 to a 9 on this type of Likert-scale
question. This will require cooperation between physical and soci al

scientists.
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